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What is claimed is: 
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15 



20 



approximately 50 fs and 
a fiber amplifie 



1 . A laser sy; item comprising: 

a seed source gererating pulses in the 1 - 1.15 \im wavelength region 
which have a spectral bat dwidth larger than 0.3 nm and a pulse width between 

ns; 

for broad bandwidth pulses which inputs and 
amplifies said pulses, and outputs amplified pulses; and 

a pump laser for ] roviding laser energy to said fiber amplifier. 

2. A laser system according to claim 1, wherein the seed source 
comprises: 

a fiber laser; 

a Raman-shifter vijhich inputs the output of said fiber laser; and 
a nonlinear crystal which frequency-doubles the output of said Raman- 
shifter. 

3. A laser system according to claim 2, 
wherein the Raman-shifter is a silica-based fiber which up-converts the 

emission wavelength of s|id fiber laser to a spectral range longer than 2000 
nm; 

and further whereiil said nonlinear crystal subsequently down-converts 
the up-converted wavelengm to the spectral range from 1000 - 1500 nm. 
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4. A laser system according to claim 2, whm-ein the wavelength 
tuning curve of the nonlinear crystal is below the ceijter wavelength of the 
output of the Raman-shifter. 

5. A laser system according to claim/2, wherein said Raman- 
shifter comprises non-amplifying fibers or amplifying fibers with refractive 

index profiles and rare-earth amplifier ions selected to generate pulses within a 

I 

wavelength range of approximately 600-5000 run. 



10 6. A laser system according to^elaim 1, wherein the seed source 

comprises: 

an Er fiber laser; 

a silica Raman-shifting fiber whijch inputs the output of said Er fiber 
laser and outputs to said fiber amplifier;|and 
15 a fluoride Raman shifter which inputs said amplified pulses, 

n 

wherein said fiber amplifier is a Tm fiber amplifier. 



7. A laser system according to claim 6, further comprising: 
a nonlinear crystal which inputs an output of said fluoride Raman- 
20 shifting fiber so as to perform frequency-doubling thereon. 



8. A laser system according to claim 1, wherein the seed source 
comprises: 

an Er fiber laser; 

25 a nonlinear crystal whicjh inputs an output of said Er fiber laser so as to 

perform frequency-doubling thereon; and 

a Raman-shifter whigh inputs the frequency-doubled output of said 
non-linear crystal. 
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9. A laser system according to claim 8, wherein the seed source is 
30 a passively modelocked fiber laser, and further wherein said Ramaiyshifting 

fiber is a holey fiber which is used to Raman-shift the frequency-doubled 
output of the nonlinear crystal from a wavelength range of approximately 750 

i 

run to approximately 1050 nm. J/ 

/ 

10. A laser system according to claim 8, wherein/the seed source is 

35 a passively modelocked fiber laser, and further wherein a range of non- 

// 

amplifying fibers and amplifying fibers with different refractive index profiles 

If 

and different rare-earth amplifier ions are used to Raman-shift the frequency- 
doubled output of said nonlinear crystal from the wavelength range of around 
750 nm to around 5000 nm. 

40 11. A laser system according to claim 1, wherein the seed source 

comprises a passively modelocked fiber laser.; 

12. A laser system according to claim 11, wherein the passively 
modelocked fiber laser is a Yb fiber laser^ 

13. A laser system accordu^g to claim 11, wherein the passively 
45 modelocked fiber laser is a Nd fiber laser. 

14. A laser system accorcling to claim 11, wherein the passively 

modelocked fiber laser is multi-m<Jie. 

n 

15. A laser system according to claim 14, wherein the passively 
modelocked fiber laser is polarization maintaining. 

50 16. A laser system according to claim 11, wherein the passively 

modelocked fiber laser is single-mode and polarization maintaining. 

17. A laser system according to claim 1, wherein the seed source 
comprises: 



35 




a fiber laser; and 

55 a frequency-shifting fiber which inputs the output ofy§aid fiber laser 

and outputs an anti-Stokes, blue-shifted output. 

18. A laser system according to claim 17, wherein said fiber laser is 
an Er, Er/Yb, Pr or Tm fiber laser. 




60 19. A laser system according to claim 1> 

/ 

wherein the seed source produces pulses ^vhich induce the formation of 
parabolic pulses within said fiber amplifier. 

20. A laser system according to/laim 19, further comprising: 
65 a coupler between the seed sovfrce and the fiber amplifier, which 

couples the seed source to the fiber amplifier, and which further comprises an 
optical fiber with a length less than 1 km. 

/ 

21. A laser system according to claim 1, further comprising: 

70 an optical delivery fiber coupled to the output of the fiber amplifier. 

22. A laser system/ according to claim 21, wherein said optical 
delivery fiber is selected from the group consisting of: a holey fiber, a length 
of few-moded fiber and a length of few-moded fiber spliced together with one 
or two lengths of single-n^pe fiber. 

75 23. A laser system according to claim 22, wherein said seed source 

produces pulses shorter |han 100 ps, so as to induce the formation of parabolic 
pulses within said fibeif amplifier, and further wherein said fiber amplifier has 
a gain larger than 10. 

24. A laser system according to claim 23, further comprising 
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80 a pulse stretcher which receives the pulses from said s^ed source, 

dispersively stretches said pulses in time, and outputs said stretched pulses to 
said fiber amplifier. 



25. A laser system according to claim 24, furthe/comprising: 

85 a pulse compressor for temporally compressing sara amplified pulses; 

wherein the dispersion of the pulse compressor is such that the pulse 

/ 

compressor outputs approximately bandwidth-limitedAulses. 

26. A laser system according to clainyl, wherein the seed source 
90 comprises: 

a Tm or Ho fiber laser; and 
a nonlinear crystal which inputs an oufput of said Tm or Ho fiber laser, 
and performs frequency-doubling thereon. 

95 27. A laser system according fo claim 1, wherein the fiber amplifier 

is either Nd or Yb doped. 



28. A laser system according to claim 1, further comprising: 

/ 

a pulse compressor for temporally compressing the amplified pulses to 
1 00 approximately their bandwidth limit. 

/ 

29. A laser system according to claim 1, wherein the seed source is 
a directly modulated semicondiKrtor laser. 

30. A laser system^omprising: 

105 a seed source generating pulses in the 1-1.15 |im wavelength region 

which have a spectral bandwidth larger than 0.3 nm and a pulse width between 
approximately 50 fs and V ns; 
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a pulse stretcher which receives said pulses, dispersi^ly stretches said 
pulses in time, and outputs said stretched pulses; 
110 a cladding-pumped fiber amplifier, having a gain^ larger than 10, for 

broad bandwidth pulses which receives, amplifies and outputs said stretched 
pulses; and / 

a pulse compressor which inputs said amplified stretched pulses and 
temporally compresses them to approximately theinoandwidth limit. 

115 

31. A laser system according to ofaim 30, wherein said pulse 
stretcher comprises a fiber with a length less than 1 km. 

32. A laser system according/to claim 30, wherein said pulse 
120 stretcher comprises a holey fiber. 

33. A laser system according to claim 30, wherein said pulse 
stretcher comprises a length of few-moded fiber. 



125 34. A laser system according to claim 30, wherein said pulse 

stretcher comprises a length o^Cw-moded fiber spliced together with one or 
more lengths of single-mode fiber. 



35. A laser system according to claim 30, wherein said pulse 
/ 

130 stretcher comprises a single-mode fiber with a length less than 1 km 



36. A laser ^system according to claim 30, wherein said pulse 
stretcher comprises a fiber with a W refractive index profile 



135 37. A laser system according to claim 30, wherein said pulse 

stretcher comprises a^iber with a multi-clad refractive index profile. 
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38. A laser system according to claim 30, wherein s^id pulse 
stretcher comprises: 

140 a length of fiber with negative 3 rd order dispersion; and 

a linearly chirped fiber grating with negative 2 nd order dispersion. 

/ 

39. A laser system according to claim 30, ^herein said pulse 
stretcher comprises: / 

145 a linearly chirped fiber grating; and / 

one or more fiber transmission gratings witn selectable values of 3 rd 
and higher-order dispersion, so as to compensate for the higher order 
dispersion in the pulse compression means. 

150 40. A laser system according to claim 30, further comprising: 

an plurality of additional fiber ampnfiers connected between said pulse 
stretcher and said pulse compressor; ff 

a fiber coupler coupling the seed source to a first one of the plurality of 
additional fiber amplifiers, said fibe^coupler comprising an optical fiber with 
155 a length less than 1 km; and 

a plurality of pulse picking means located either before the fiber 
amplifier, after the plurality of Additional fiber amplifiers, or in-between any 
of the amplifiers. 

41. A laser system' comprising : 
160 a seed source generating pulses in the 1 - 1.15 nm wavelength region 

which have a spectral bandwidth larger than 0.3 nm and a pulse width between 
approximately 50 fs and 1ms; 

a cladding-pumped fiber amplifier for broad bandwidth pulses which 
receives, amplifies andf outputs said pulses, wherein the fiber amplifier is 
165 operated with at least one forward and one backward pass; and 

a pump laser for providing laser energy to said fiber amplifier, and 
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175 



180 



an optical modulator located between the one forward 
backward pass of said amplifier. 



one 



42. A laser system according to claim 41, further comprising: 
a plurality of additional fiber amplifiers, wherein aj/least one of the 

fiber amplifier and the plurality of additional fiber amplifiers is operated with 

at least one forward and one backward pass; and 

a mode filter for preferentially transmitting we fundamental mode of 

an amplifier located after the first pass through sala at least one of the fiber 

amplifier and the plurality of additional fiber amplifiers which is operated with 

at least one forward and one backward pass. 





43. A laser system according to 7 claim 42, further comprising at 
least one pulse picker located between/the at least one forward and one 
backward pass. 



44. A pulse source operating at an output wavelength greater than 2 
microns, comprising: / 

185 a seed source outputting short pulse-width pulses; and 

a first fiber Raman shifter inputting said pulses, and producing said 
output wavelengh. 

45. A pulse source according to claim 44, further comprising: 
190 at least one additional fiber Raman shifter connected to said first fiber 

Raman shifter; and 

a plurality of fi;f>er amplifiers alternately connected between said fiber 
Raman shifters. 



195 



46. A pMse source according to claim 45, further comprising; 
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a doubling crystal connected to the last one of said Jiber Raman 
shifters, 

wherein the wavelength tuning curve of the nonMear crystal is 
selected to be below the center wavelength of the Raman-spectral component 
200 of the Raman-shifted and amplified seed pulse. 




47. An optical pulse source comprising: 
a passively modelocked fiber laser; and 
a Yb amplifier for amplifying an output of sai# fiber laser. 

205 48. A optical pulse source according/to claim 47, wherein said 

passively modelocked fiber laser comprises a Yb/fiber laser. 

49. An optical communications subsystem comprising: 



a net positive dispersion fiber °ptp amplifier connected along an 
210 optical fiber transmission line having a gain less than 10 dB/km and a total 
gain of more than 10 dB; Jj 

a dispersion compensation element located along said optical fiber 
transmission line; and 

an optical filter located along said optical fiber transmission line. 
215 j 

50. An optical communications subsystem comprising: 
a net positive dispersion^ fiber optic amplifier connected along an 
optical fiber transmission line aigd having a gain less than 3 dB/km and a total 
gain of more than 20 dB; and 
220 a dispersion compensation element located at an end of the optical 

fiber transmission line. 



5 1 . An optical communications subsystem comprising: 
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a positive dispersion optical fiber element connected aloiyg an optical 
225 fiber transmission line; and 

an optical negative dispersion element also connected along the optical 
fiber transmission line, wherein an amount of self-phase modulation incurred 
by optical pulses transmitted along the optical fiber transniission line is higher 
in the positive dispersion optical fiber element than in the optical negative 
230 dispersion element. 



han irM 

/ 



52. An optical communications subsystem as recited in claim 51, 
wherein said optical negative dispersion element comprises chirped fiber 



gratings. 



/ 



53. An optical communications subsystem comprising; 



a plurality of lengths of holey fiber having net positive dispersion 

/ 

connected along an optical fiber transmi^ion line; and 

a plurality of optical negative dispersion elements also connected along 
240 the optical fiber transmission linef wherein an amount of self-phase 
modulation incurred by optical pulses transmitted along the optical fiber 
transmission line is higher in the /engths of holey fiber than in the optical 
negative dispersion elements. 



245 54. An optical communications subsystem, comprising: 

i 

an optical Raman amplifier fiber which inputs a train of pump pulses 
having a length shorter than^O ns and which also inputs, amplifies and outputs 
an optical signal, wherein jsaid optical signal counterpropogates within said 



itl/r 



55. An optical! communications subsystem according to claim 54, 
wherein said optical /Raman amplifier is timed by a tuning operation 
performed on said pump pulses. 
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255 56. An optical communications subsystem according tyf claim 55, 

further comprising: 

a seed source which outputs optical pulses; 

a modulator which modulates said optical pulses; 

a Raman shifter fiber which inputs said modulated optical pulses; and 
260 a Raman amplifier which inputs an output of said Icaman shifter fiber. 

57. An optical communications subsystem according to claim 56, 
wherein said tuning operation includes modulating^: least one of the power, 
wavelength and the width of said seed pulses/before said seed pulses are 

265 injected into said Raman- shifter fiber. 

58. A laser system according ifo claim 9, wherein said Raman 

shifting fiber is a holey fiber whose dispersion varies with wavelength in a 

/ 

manner so as to optimize said Raman-shift. 

270 59. A laser system composing: 

a source of seed pulses; 
a fiber amplifier whicl^inputs and amplifies said seed pulses, and 
outputs amplified pulses; wherein 

said seed pulses are ^generated and said fiber amplifier is configured 
275 such that the pulses product by said fiber amplifier are of parabolic form. 



/ 

r syster 
/d t>uls 



60. A laser system comprising: 
a source of sej^l pulses; 
a fiber ammifier which inputs and amplifies said seed pulses, and 
280 outputs amplified pulses; wherein 
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the seed source produces pulses which induce the formation of 
parabolic pulses within said fiber amplifier. 




61 . A laser system comprising: 
a source of seed pulses; 
285 a fiber amplifier which inputs and amplifies said seed pulses, and 

outputs amplified pulses; wherein 

said seed pulses are generated and said fiber/ amplifier is configured 
such that the pulses produced by said fiber amplifie^are of parabolic form. 

290 62. An optical communications subsystem, comprising: 

a source of optical pulses of differing wavelengths; and 
means for dynamically modifying /the degree of Raman shift 
experienced by each of said differhWwavelengths. 



295 63. In an optical communications system of the type 

ff 

including fiber optic earners carrying optical signals of differing wavelengths 
and at least one fiber laser amplifier, tljL improvement comprising at least one 
Raman shifter for imposing a differential gain upon said signals of differing 



wavelengths. 



64. A seed soujee for a laser system, comprising: 
a fiber laser producing a ^ulse output; 

a Raman-shifter which inputs the pulse output of said fiber laser; and 
a nonlinear crystal which frequency-doubles the output of said Raman- 



305 shifter. 



65. A seed source as claimed in claim 64, wherein said non- 
linear crystal comprises av periodically-poled ferroelectric optical material 
selected from the groupf consisting of PPLN, PP lithium tantalate, PP 
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310 MgO:LiNb0 3 , PP KTP, and a periodically poled crystal of the KTjfisomorph 
family. 

66. A seed source as claimed in claim 65f wherein a length 
of said non-linear crystal is selected in order to control Jne pulse length of a 
315 pulse output of said seed source. 




67. A seed source as claime&fin claim 65, wherein a 
wavelength of an output of said non-linear crystal is controlled by controlling 
a temperature of said non-linear crystal. 






320 

68. A delivery system for? a fiber laser system operating in a 
parabolic pulse regime, comprising: 

- a delivery fiber; 
a grating-based pulse compressor; and 

8 A 

325 a W-fiber for compensation of 3 r order dispersion of said pulse 

compressor. 

69. A dispersion compensation arrangement for a fiber laser 
amplification system^ operating in a parabolic pulse regime, 

330 comprising: 

a pulse stretcher arranged prior to an amplifier section of said system, 

and including at least one/negative 3 rd order dispersion producing element; and 

a pulse compressor ^arranged following said amplifier section, for 

compensating 2 nd order dispersion, and having a positive 3 rd order dispersion 
/ 

335 which cancels that introduced by said stretcher. 

70. / A dispersion compensation arrangement for a fiber laser 
amplification system operating in a parabolic pulse regime, 
comprising: 
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340 a pulse stretcher arranged prior to an amplifier sectioiyof said system, 

and including at least one positive 2 nd order dispersion producing element and 
at least one of a Bragg fiber grating and a fiber transmission grating for 
introducing 3 rd and 4 th order dispersion; and a pulse^compressor arranged 
following said amplifier section, for compensating J^ d order dispersion, and 

345 having 3 rd and 4 th order dispersion which cancels that introduced by said 
stretcher. 




71. A wavelength tunable/Raman amplifier, comprising: 
a source of femtosecond regime see€ pulses; 

350 a Raman-shifting fiber receivin^and wavelength- shifting said seed 

pulses to form pump pulses; ff 

a Raman amplifier fiber injected with a plurality of signal wavelength 
pulses which counterpropagate with said pump pulses; and 

means for modulating at^lCast one of power, wavelength and width of 
355 said seed pulses to wavelength tune said pump pulses, to tune a center 

72. An amplifier as claimed in claim 71, wherein said pump 
pulses are wavelength tuned within a time period less than a signal pulse 

360 traversal time of said Raman amplifier, so as to subject said signal pulses to an 

— 

73. I A wavelength- tunable laser system, comprising: 

a fiber laser/which generates a pulse output having a pulse duration of 
365 less than 1 nanosecond; and 

a holey fiber whose dispersion varies with wavelength in a manner so 
as to optimize tl|e wavelength tuning 
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74. A wavelength-tunable laser systeipf comprising: 
a fiber laser which generates a pulse output; 

a holey fiber whose dispersion varies with^wavelength in a manner so 
as to optimize wavelength tuning; 

wherein, within a wavelength tuning range, said holey fiber exhibits a 
negative 2 nd order dispersion, has a 2 n ^Jrder dispersion zero within 300nm in 
wavelength to an input pulse sourcefand exhibits a 3 rd order dispersion lower 



than or equal in absolute value 
dispersion of silica. 





absolute value of the 3 rd order material 
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